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ABSTRACT

Oilse.ed crops are grown throughout the. semiarid region of the
northern Great Plains of North America for use as vegetable and
industrial otIs, spices, and hirdfeed, In a region dominated by winter
and spring, wheat (Tnt/rum nest/rum L emend, ‘TheIlT the accep
tance and production of another crop requires that it both has an
agronotnic benefit to the cropping system and i.rnprove the farmers
economic position. In this review, we compare the adaptation and
rotational effects of oilseed crops in the northern Great Plains. Canola
(Brass/ca sp.), mustard (8. juacea and S/nap/s a/ba [,), and flax
(L/num us/Katissimum L) are well adapted to cool, shortseason con
ditious found on the Canadian prairies and northern Great Plains
border states of the USA. Sunflower (Ilelianthus annum L) and
safflower ((‘anthainus (iItctonius L) are better adapted to the longer
growing season and warmer temperatures found in the northern and
central Great Plains states. Examples are presented of how agronomic
practices have been used to manipulate a crop’s fit into a local environ
ment, as demonstrated with the early spring and dormant seeding
management of canola, and of the role of no’iill seeding systems in
allowing the establishment of small’seeded oilseed crops in semiarid
regions. Continued evaluation of oilseed crops in rotation with cereals
will further expand our understanding of how they can be used to
strengthen the biological, economic, and environmental role of the
region’s cropping systems. Specific research needs for each oilseed
crop have been recommended.

O It R) RI (,RO th uch u h mis d
n f th n th n r at P1 in f t th

m ri s r U t it -in I ‘n H tim 1 i

ndi In r d t n
ms I r t in I pn rtd

U

) f )

I I

I I
1 c

II 1

I 1 1 1

1 1 1
I ( 1 ( 1

1 1 1 1

oilsee.d crop produced in the USA, canola is the dornC
n.ant oil crop in Canada. The cool c.l.i.mati.c. condition.s
eharacterjstjcof the Ca.nadian prairies prov’ide an ideal
environment for Brassica spp. eilseeds and flax (Table
2) while the. cli:mate found. in the USA is better suited
to th.e’. warm season crops like soybean a.nd sunflower.
in the nort.hern G’rea.t Plain.s, soybean, is a relatively
new crop findine a place fri se.rniarid c.roppi.n.g svstem.s
with the clevelopme.nt of early rn.aturi.ng, low h.eat—un.it
cultivars (Miller et at, 2002). As a result, the vast niajor
ity of soybean producti.on in. both the USA a.nd Can.ada
occurs in. wetter regions east of the. Great Plains. .Flow
ever, for the other oiiseed crops listed in Table 1., the
majority of production occurs within the northern. Great
Plai.ns,

.Diversifi.cation within cereahhased. cropping svstems
ca.n he critical to breaking pest infestations that are
c.ommon with monocultu.re (Bailey e.t at, 1992, 2.( 00:
Elliot and Lynch, 1995; Holtzcr ct at, 1996; Krupinsky
et at, 2.002). Results of crop rotation studies in the. Great
Plains revealed that where oilseeds are adapted. their
inclusion in rotation with cereals could increase net re
turns and reduce risk through improved production stas
hility (Lafond as al., 1993: Dhuyvetter et al., 1996: Zem
tne.r et al., 2002). In addition, the yield of wheat was
increased when following oilsecds in rotation, confirm
ing that monoculture systems are the least effective
means of optimizing wheat production (Lafond ct at,
1992: [3randt and Zentncr, 1995: Anderson et al., 1999).

The use of minimum and notill seeding systems has
been ‘found to provide an e.ffective means of controlling
soil erosion in various regions of the Great Plains (Black
and Power, 1965: Lindwall and A.nderson, ‘.19R.i). i.m.
provements in seed yie.id with conservation tillage have
hee.n reported as a result of increased le.vels of phnt
a.vailahle water throughout the soil profi.le in the sprin.g
(Aasc ted Ruts tbSP Bt tndt 1992 1 afondctal 1992)
and increased water use e.fficiency due to favorable mC
crochmnate cc’nditions created by standi.ng stuhh.ie. (‘Cut
forth rod Mnfonkcs 19971 borne oitrocd croos r.
small see.ded, requiring, ood. surface soil moisture for
se.ed germination and c.rop estahlishm.ent, as is efftc
tively provi e..dindirect eed.ngsyste..nssinthe north.ern
Great Pla.ins a resu.lt, adoption of cc.nservation tilL
l.Ige rnanagernen.t not only re.duces soi.l loss by erosion,
hut also ca.n facilitate exten.din.g the crop rotation and
all.owing for diversi.fi’.cation. of the’ crops grown. ‘Ecro
nomc success with. a disc rsifi.ed crop rotat.ion b.as been

re’portect to be im.proved with the i.m.plem.en.tation of
conservation tillauc. practices, such as rnini.rnum arid z.ero
tillage. (Lafon.d. et al., 1993: Rosse.tti et at, ‘1999; Zcntner
e.t al., 2002).

The objective ei this review is to sum.maniz.e infornia.
eon on the ada.ptation and production potentia.i of some
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In the- suhhuinid recions of the Ca.nadian prairies. canola
has he.en shown to have even higher water use effici.ency,
at 8.3 to •.i1.4 ke ha inrn reflecting the lower air
tam.peratures and lower moisture deficits in this re.gion.
(Johnston et al 1.996). Thus, water use• efficiency is
partially a function of crop adaptation.

Canola is a cool-season crop. with the duration of
lowering has ne’ a ctrone influence on final seed yield
\ uttali of aL I }O2: Brandt and \icGrecor. 1999: An—
adi it al, 1 lOQh). heat stress durinc flowering of a

canola crop can prematurely end flowering. rcsultinc in
limited seed set after the accumulation ot large amounts
of dry matter. Optimal daytime tempcratures during
tlowcring of 28 C for B. rape and 2099 for B. napua
indicate considerable difference in tolerance to air tem
perature between species (Angadi et iii., I 999b). Nutrall
et al. (1992) reported that a 399 risc in maximum daily
temperature (21 -24C) during flowering in July and Au
gust resulted in 439 kg ha deelmi. in cinola seed
yield. Similar negative effe•cts on se.ed yiel.d have been
observed with water stress during flowering and seed
tilling (Stokr ii C titer 1984 Niokomi 1097) Water
stress on the crop at flowering negatis clv influenced the
tormation of po2s and seed size. resulting in lower final
seed yield. 4 ace thererowifle Season precipitation and

air remnyratiare have been found to be ood indicators
a caroi :cie Id utcntial (Nutt..ll et al. 1992: Brandt

C SI t

Scott. SE. was folins.] to be; ese’e rel;-jreçi tO

where Precip (mm) 21 .June—20 Aug. (B napus B
0.83: B. rape = 0.82) and Temp (C) 15 June--IS
Au. me an daily temperature (B itapus R —0,58: B.
rape B2 -- 0.52).

This relationship indicates that for each degree rise
in mean daily temperature, the yield of £ nap us declines
by 188 kg ha and B. rape by 217 kg ha . This indica
ti.on of greater heat sensitivity for .B. rape con.trasts with
the ohse.rvations in controlled envi.ronment conditions
by Angad.i et al (1 999a). Also, for each m..iliime.ter in
crease in precipitatIon, there is a corresponding 5.9 kg
ha yield tncrcase with B napos and 33 kg ha - yield
nerease a th B ,pa. tndicannc a marked dift2rence

a I s ur 0 i._ me .iu 1r
ti 0 b i1 \ (
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water use assessn:ent and that B moo earl. nd

(p Equation Source

Carola
B. rapa
B. napus

B. napes

Slustard
B. jwmcea kg/ha 7.6 IVmE 141 mm) R -- 44.63, SI’ 1.144 Brand) ci at.. unpimbl. data, 1998 SKI
5. ulba kg/ha -- 3M 4W U (.7 mm) R ‘.53, %I- 1.44 Brandt ci at.. unpuhl. data. 1998 (SKI

has ku/ha 7.6 1 127 mm) B- — 41.71. SF - 153 Brmnmdl ci at.. InpuImi. mhala. IQS 45k,
Suntim r kh im ( I WI I mm) ii I50 sI II m 1 n 11)41 (414

Safflnscr k2/ha -. 5.2 034- - 233 mmam 15 ‘F \ NieI..cn. 11)1)5 (()m

Brsndt et at, nnpuhl, data, 1998 (515)
Brndt et a),, mmnpuhl. dita. 1998 (515)
Nmtisen 19984 ((4)

Table 3. Estimated rooting depth for canota, Bas, safflower, and sunrlower grown at select locations across the northern Great Plains.

Ustimated Conmme.nts- method
Crop tooling de.pth of determmn.mm.tion Source

cm

120 Ncuiron probe Angadi and Lifts. unpubl, dala, 1998 (Mit)
150 1 nknown Black ci at, 1981 ( I>)
165 cnIrofl probe Nielsen, 1997 tUOl
III SIRSIVC Merrill ci at.. 2)14111 CiI)i

4.1 -—76 \cmllrm,n probe I afond. mmnpiml.I. (tala. 1005 4 K)

210-220
164

cipitation front early seed development through seed
fil.iirig is essential to achieving full yield potential (see
Eq. .1.).

Yield of Bnapus = 4323 + 59(3 >5 Precip

— 157.7 a-: lamp.

‘iield of h’ rnpa +920 -- 333 a Prccip

210.7 ‘- lamp

B = 0.72; SE = 21)0

Table 4, Estimated seed yield response 10 crop water use for canohm, mustard, flux, safllower, and sunflower grown at select locations

across the noribern Great Plai.nte

kg/ha 4,9 WUS --- 121 mc) B - 0,74. SE -= 1.29
kg/ha. 7,2 WU 132 mm) 15 = 0.62. SE 1,77
kg/ha -= 7.7 mIS r: 160 mm) 14 - 44.72. SE .— 0.148
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kehitise to the other ailseud crops. flax is a shallow-
rooted crop I able di. Research on flax water use and
ext r:•.etioti fi nn t1i no ii P as shown t.ha t. fla.x will. ertract
cti’e, or more of plant available water from the 0- to
60—cut soil have r Poland, unpublished data, 1.99B). In
agreement. tanlbe II and Zcntner (19%) showed that
flaec grown on fallow often conserved more water in the
60- to .120.:. em soil laer than did spring wheat. Seed
yie.Id response to svater use from trials conducted at
Swift Current and Scott, SK, indicates little difference
between flax and B. napus at the same location (Table
4). Once the mininium water use of approximately 127
mm was achieved, sc. ed yield increased at a rate of 7,6
kg ha mm P However, at indian Head, SK, 12 yr of
w iter use (WU) data with flax ave a very poor relation
ship with seed yield [Yield (kg ha’) = 1.9 (WV ± 532
mm): r = 0.061. This poor relationship at this higher-
yielding location indicates that something other than
water is influencing the seed yield response of flax (La-
fond, unpublished dat a. 1998).

The shallosv rooting behavior of the flax crop makes
it well adapted to tile improved moisture conditions
of the surface soil found in no-till production systems
(Lafond ci al., I 992). The benefits of no—till production
were demonstrated over a wide range of growing condi
tions, i.e.. from hot and dry to cool and moist conditions
(l,afond and Derksen. 19%). In fact. flax was shown to
have greater water use elfieiencv under no-tillage (5.4
lie hi mm t ru_I itis ‘‘.1 cons r ithon ml till Li, (4 9 kn
ha :

lint
:

FIa 1amigeinent in Rotation

Aitttatmolt flax has been crown tar a lone tnne on the
Canadian rairies ,mnd in the northern Great Plains at
thu_I x\ ru_s rit’.t’.n’.t liu_1lu_’1 ‘.u_ inr,ud,1 fi

I l
— it i it I ,ll tnt /. rna’ -“ i

ported that 11:0 conserved soil SO and water below
the nit-em stil depth eontpared attn sprtnc wheat thouch

1 inexpneahir totted t pros ide a reutatiotiai benefit to

1 1

mesS iii w:iI IF ore was corn FF1.0 ned 01L11’ 50 .1

[4.15 4:” re coinniende 1 ii.,, 1 tax slioti

I -‘

aPi pop. hoc t.e rio I Flax ( ‘un.’il of (‘anada. 1998). While.
the reec mrnendati’. nI hare never been substantiated, t
is believed that bl:ix sr ass ii alter alfalfa does exception
ally a elI in suhli timid regions of the Canadian prairies.
Other studies i hat has c examined flax frotn a crop rota
tion basis hoverer cUred arourd s ceding 11 ix, into canola
stubble: [here st ndtes have’ shown that wh.en young
vonteer [:004111 rcdIIj0us ore tilled just before the seed



and sunfIowerpl:mti ug practices are employed to main
tam previous crop residues on the soil surfa.ce duri.ng
t.he su.rmflowe.r growing season. In recent years. there has
beet.. inci.eased interest in min.imu.m- and no-till sun
flower prodt:ction practice.s (Bla.mev et aL •17).,Ma.in—
taming sur.face residue from the previous crop results
a meducedsoil e ro’io n.nd evaporat on and incre-ased

mOO inblir 0 ri a d oil ua r n i \l suit tnt s
irtaee retdne uNing no-till helped sunpieN exoflora

tin-n and inere,oed menilower o.:ed field lag comp,red
o ith conventional rilla e (scLr\,,f I

1 he nsai ten:iner- of surface crop residues in sum
tiover rotations helped 10 reduce or present the buildup
at certain sreed speeieo Weed populations often profit
crate within the open canopy of suntloner, hut eomhin
trig cultural meeiees. such as defamed seeding. narroo
rows. handed fertilizer, and increi.tsed plant popuiatio.n.
has improved. weed con.trol (Ta.naka and Anderson,
.1999).

SAFFLOWER

Safflower is a member of the Cnmpositae or Astera-
cene family and provides three products: an edible oil,
neal. and btrdsecd. I Itstorlealle. attlower was groi ii

for Its floners. with the florets being used for coloring
and fias-oring foods. tor makin dyes, and as medicines
Mundel et al.. I 093). Ii is one ot humanity’s oldest

crops and was usually grown in small plots br a gro\crs
personal use. Safflower is a thistle-like annual herha
eeous plant with long, sharp thorns that is grown mainly
iii arid and semiarid areas of the world, Currently, it

remains a minor crop, with world seed production
around 800 0(X) t armually (Gyulai. 1996).

The crop was introduced into North America as early
as 1899 from its origin in the- Middle Eas.t and South
Asia, Safflower was initially tested in the USA in 1925
as a new oilse-ed crop and was commerc-ially grown in.
tIn-’- Great Plains beginning in the late 1.9Sf s (Knowles,
uIn Oil onft it of itfbocr cccd ln,ws from 45 to

$1’ There are Iwo types of safflosser eulttv:irs: those
0:1 itch to- .2e:e or nonouttsatumated ftittv

se id and those 11 itt ii in ha ole-ic no iv u n satul a ted rat 15

—
1 ‘, \--

reed meal fi:.ir a
-‘

ateiti content of enrol 24% llot.se

I-,- _

Saffiowe-r generally is considered a daylength-neutral,
long-day plant that needs at least 14(4) degree- days (Inc
basis) to reach maturity. Miller et al. (2001) used a very
early maturing eui-tivar ot saftlower (Saffire) to calculate
degree-day req uimemcnts of 1430 to 14Sf) at Swift Cur--
rent, SK, concluding that maturity requirements for saf
tlosser geneiallv ode too great for diet location. Plants

a deep taproot that can e\t.etlU to a depth or 22it
i id me i P 0

3 c )i1 1

water ft r even a few hours durine warm weather (Mun-
dcl ct 9 i9i’) I ceetorc good s iii 005 (1 t ir.kl per
unit of water are difficult to determine-, Research. at
Maridan, ND, f-nind that the water us-c efficiency of
safflower ranged fron 2 to 5.1. kg ha - mm for crops
seeded mid-May or early June (Aless i c-i al., 1981). Stud
i s conducted hi II tin and F s ins I I ) usmg s hits.
rotttee irrtgalion method determinod that safflower’s
oaicr use ctt:ctenc\ oar SetS La ha tutu at Sit em of
rrtt,ition. In north -eetttiei Montana, Itroots ,tnd (‘,sr]

I0t0 coiticte scaler use- data tn tffloscer euhtiver
trials over lO yr. generating a mantled teld----ssater use
ertue torn of:

Sc-ed yield Ike ha - 72t evapotrensmsiration

185 mnni)

Wate-r use was estimated based or soil wate-r extri-te
tion to an a- ssume ml 2-13-cu-i soil dc-pG. with an estimated
254 mm of ph-mt-available- water. The Bro-wn rind Carl-
son (1991)) equation appears similar to the high end of
the’ range- reported by Air. si et al. (-1-8 1). In gene-ral, saf
flower grown in the northern Great Plains of the USA
yields best in areas where along with good soil moisture

scdina rio %iiL Sc ism ii pu cipit On ii \l is thr tu Is
.-\ugust) is in the IS- to 23—cm range. with at. least 75%.
ol the precipitation occurring before the end of July. The
tlowering and pulliriatioii of safflower can he severely
reduced by rainy days or days with excessire dew and
high humidity. Plant diseases such as alteniaria (.4/tar—
norm curthanu 1 and bacterial blight also flourish under
these conditions and cart cause major yield reductions.

Safilower in Rotations

Including safflower in wheat-based rotations can im
prove mis-c’- of deep soil water and N (Black, 1993). The
long growing season required by the crop permits deep
root growth, enabling safflower to use water and nutri
ents from a greater soil depth than erot-s wit-h a shorter
growing season. Because safflower rises more soil water
ittd reuulrcr a loner cmowng season than small grain
crops. it and other crops of similar rooting sleptn sliOttld

t I it ‘ set t Jim,. g r

Li . lii 1. 1 it I ii me o. 11 ii 1 —

drvland saiinesr.ep nmutr,ems. sathinoer can he used

at the cx a-:sri on sal n e seer-s (Xi urid ii eta)..
I C i t 5r.U 1 I 0 e n hot

suhse-que-nt small :arain c-mops in a roost in. Conversely,
hor-sadleaf weed control in -small grains e-rrn. also him-ne-fit
sa-f-fioss-xmr pr-odue-td--tn heca-ius-e few he-rhicides are- regis
tsr-red for use in this minor cr0-p.

OILSEE-D CROP RESEARCH NEEDS IN
THE NORTI-IERN GREA1’ PLAINS

-l hc suceesstul Use of otlseed crops to diversify crop
ping sysienis- to the nurthcmn Great Plains has tIe-cIt
sleniottstrated in Iliji teutew. The. oikeeslr ea’,loIa,
ran. and i-es air. weIf. exlaptcd to cool slsurm-reatont
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